Total-Routhian-Surface calculations have been performed to investigate the shape evolutions of A ∼ 80 nuclei, 80−84 Zr, 76−80 Sr and 84,86 Mo. Shape coexistences of spherical, prolate and oblate deformations have been found in these nuclei. Particularly for the nuclei, 80 Sr and 82 Zr, the energy differences between two shape-coexisting states are less than 220 keV. At high spins, the g 9/2 shell plays an important role for shape evolutions. It has been found that the alignment of the g 9/2 quasi-particles drives nuclei to be triaxial.
I. INTRODUCTION
The A ∼ 80 nuclei far from the β-stability line are attracting significant attention because of various shape evolutions and shape coexistences. Moreover, they locate at the key points in the rp (rapid proton capture) process path, playing an important role in the astrophysical nuclear synthesization. According to mean-field models, single-particle level densities in this mass region are noticeably low. There are significant shell gaps at the prolate deformation β 2 ≈ 0.4 with the particle number 38 or 40 and at oblate deformation β 2 ≈ −0.3 with the particle number 34 or 36, which leads to rich shape transitions with changing nucleon numbers. Up to date, the shape coexistence of prolate, oblate and triaxial deformations has been seen in 82 Sr [1] . [5, 6] . Also global calculations with the axial asymmetry shape have been done recently for the ground states of the nuclei [7] . The A ∼ 80 nuclei lie in the region where axial symmetry is broken usually. However, it is not easy experimentally to deduce the information about the triaxial deformation. The wobbling, which has been observed in 163, 165, 167 Lu [8] [9] [10] , has been considered to be the proof of triaxiality. With the advance of experimental techniques, detailed observations in this mass region become available.
It is predicted that A ∼ 80 nuclei could contain higher-order geometrical symmetry, such as possible tetrahedral deformation in ground and low excited states [11] . The exotic deformation correlation comes from the special shell structure [11] , giving rich shape information. Though there could be many elements (e.g., pairing correlation) affecting the deformation, the shell structure in the deformed potential governs the shape development of nuclear states. In the present work, we focus on the deformation evolutions and shape coexistences in the A ∼ 80 nuclei.
II. THE MODEL
The Total-Routhian-Surface (TRS) calculations [12] have been performed. The total Routhian E ω (Z, N,β) of a nucleus (Z, N) at a rotational frequency ω and deformationβ is 2 calculated as follows [12] 
where E ω=0 (Z, N,β) is the total energy at zero frequency, consisting of the macroscopic liquid-drop energy [13] , the microscopic shell correction [14, 15] and pairing energy [16] .
The last two terms in the bracket represent the change in energy due to the rotation. The total Hamiltonian is written as [12] 
For the single-particle Hamiltonian, h ws , a non-axial deformed Woods-Saxon (WS) potential has been adopted.
The pairing is treated by the Lipkin-Nogami approach [16] in which the particle number is conserved approximately and thus the spurious pairing phase transition encountered in the BCS calculation can be avoided (see Ref. [16] for the detailed formulation of the cranked Lipkin-Nogami TRS method). Both monopole and quadruple pairings are considered [17] with the monopole pairing strength G determined by the average gap method [18] and quadruple strengths obtained by restoring the Galilean invariance broken by the seniority pairing force [17, 19, 20] . The TRS calculation is performed in the deformation spaceβ = (β 2 , γ, β 4 ). Pairing correlations are dependent on the rotational frequency and deformation.
In order to include such dependence in the TRS, we have run the pairing-deformationfrequency self-consistent TRS calculation, i.e., for any given deformation and frequency, pairing is self-consistently treated by the Hartree-Fock-Bogolyubov-like equation [16] . At a given frequency, the deformation of a state is determined by minimizing the calculated TRS.
For N = Z nuclei, the neutron-proton pairing can be remarkable [21, 22] . In the present work, however, we are interested in the shape of the nuclei. The pairing correlation should not affect the deformation significantly. The shell correction dominates the shape of a state.
III. CALCULATIONS AND DISCUSSIONS
The TRS calculations for even-even Sr, Zr, Mo isotopes near A = 80 have been performed. Deformations, shape coexistences and collective rotational properties with increas- [34] predicted an oblate deformation with ε 2 = −0.18 (ε 2 = 0.95β 2 ). Nazarewicz et al. [5] found it to be soft axially symmetric. A nearly spherical ground state is calculated by Aberg [35] . Petrovici et al. [32] predicted it to be prolate with an oblate deformation coexisting by above 3 MeV higher. In our calculations, the ground state is spherical and an oblate shape coexists which is only by 420 keV higher. Also a highly deformed prolate shape appears with an even higher energy (more than 1.5 MeV). + at 3789 keV [39] . Alignment delay has been predicted to appear at higher spins. Neutronproton pairing interaction may be the cause of the delayed rotational alignment. However, the spin alignment is also sensitively influenced by other factors such as deformation [33] .
Thus the shape transitions are discussed in details for the nuclei of this region. It is considered to be alignments of g 9/2 quasiprotons and quasineutrons as its neighboring nuclei 81 Sr and 84 Zr [6, 40] . Note that triaxial deformation develops after the alignments as shown in Fig. 2 . That is to say, the alignments of four g 9/2 quasi-particles drive the nucleus to be triaxial. It is consistent with the prediction [36] that the alignment of g 9/2 proton orbits tends to a positive γ-drive when Z=40. Experimentally, it has been found that the g 9/2 neutron polarizes the soft core of the nuclei 55,57,59 Cr [37] and 59 Fe [38] . For the nuclei in the A = 80 region, particularly for the nucleus 80 Zr, both g 9/2 proton and neutron orbits are occupied, thus the shape driving effects being strengthened.
TRS diagrams for
Calculations for the neighboring nuclei There are some discrepancies between the experimental results and our calculations at low spins for the nucleus 82 Zr because the deformation is considerably soft as discussed above. At higher spins after the band crossing, a stable triaxial deformation appears and the resulting kinematic moments of inertia of triaxiality agree well with the experiment. Experimental data for 80 Zr are limited and it is impossible to show any trend at high rotational frequency.
However, the observed upbending behavior agrees well with the calculated prolate band with frequency energy lower than 0.6 MeV. Triaxially deformed band is predicted, which also exhibits a downbending behavior and becomes yrast at higher rotational frequency.
Plots of the kinematic moments of inertia versus rotational frequency for strontium and molybdenum isotopes shown in Fig. 5 and Fig. 6 orbits play a particularly role for the shape transition of nuclei in this region.
